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S U M M A R Y
Objectives: This study aimed to determine the prevalence of enteric viruses causing gastroenteritis, and
the circulating stains, in Gabonese children under ﬁve years old who visited health centers between
March 2010 and June 2011.
Methods: Stool specimens were collected and sent for analysis to CIRMF (Centre International de
Recherches Me´dicales de Franceville). Stools were screened for six enteric viruses (rotavirus, adenovirus,
norovirus I and II, sapovirus, human astrovirus) by means of a multiplex real-time reverse transcription
polymerase chain reaction, and Rotavirus A, Adenovirus and Astrovirus were genotyped.
Results: Among the 317 specimens analyzed, 193 (60.9%) were positive for at least one enteric virus.
Rotavirus A (RVA) (27.1%) was the most frequently detected virus, followed by human Adenovirus
(HAdV) (19.6%), Norovirus II (NoVs-II) (13.9%), Norovirus I (NoVs-I) (9.1%), Sapovirus (SaV) (9.5%) and
human Astrovirus (HAstV) (6.3%). One-third of the 193 positive samples contained more than one virus.
The most common Rotavirus A genotype was G6P[6]. Various HAdV serotypes were found. HAstV-1 was
identiﬁed.
Conclusions: These ﬁndings improve our knowledge of circulating enteric viruses in Gabon. The
emergence of unusual G6P[6] strain of rotavirus A, predominant, suggested a particular epidemiological
surveillance of circulating rotavirus strains during the introduction of vaccination in Gabon.
 2015 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Diarrhea is responsible for 11% of deaths among children under
ﬁve years old,1 and acute gastroenteritis is one of the leading
causes of death worldwide.2 According to the World Health
Organization (WHO), over 70% of diarrhea-related deaths among
children less than ﬁve years old occur in Africa and South-East* Corresponding author. Centre International de Recherches Me´dicales de
Franceville. BP 769 Franceville, Gabon, Tel.: +241 01 67 70 92.
E-mail addresses: s_lekana@yahoo.fr (S.E. Lekana-Douki),
kombilaalexane@yahoo.fr (C. Kombila-Koumavor), dnkoghe@hotmail.com
(D. Nkoghe), drosten@virology-bonn.de (C. Drosten),
drexler@virology-bonn.de (J.F. Drexler), eric.leroy@ird.fr (E.M. Leroy).
http://dx.doi.org/10.1016/j.ijid.2015.03.009
1201-9712/ 2015 Published by Elsevier Ltd on behalf of International Society for Infect
creativecommons.org/licenses/by-nc-nd/4.0/).Asia.3 The incidence of infectious diarrhea is higher in developing
countries than in industrialized countries. Indeed, poor hygiene,
unsanitary water, contaminated food, and inadequate disposal of
waste and feces are risk factors for infectious diarrhea.4
Rotaviruses are thought to cause about 453 000 deaths worldwide,
especially among young children living in Asia and Africa.5
Rotaviruses can infect both humans and other animals. They are
classiﬁed into seven groups (A-G), based on the VP6 protein. The
genotype G and P of rotavirus A correspond to VP7 G (glycoprotein)
and VP4 P (protease sensitive protein), respectively.
Other viruses associated with acute gastroenteritis include
enteric viruses such as human adenoviruses (HAdVs), caliciviruses
including noroviruses (NoVs) and sapoviruses (SaVs), human
astroviruses (HAstVs), parechovirus and aichi viruses.6,7ious Diseases. This is an open access article under the CC BY-NC-ND license (http://
Table 1
Prevalence of children with diarrhea
Sex Age group (years)
Towns Male
n(%)
Female
n(%)
Total
n(%)
[0-0.5] ]0.5-1] ]1-5[
Libreville 76(50.7) 74(49.3) 150(47.3) 32(21.3) 58(38.7) 60(40.0)
Franceville 33(58.9) 23(41.1) 56(17.7) 15(26.8) 19(33.9) 22(39.3)
Koulamoutou 15(45.5) 18(54.5) 33(10.4) 7(21.2) 16(48.5) 10(30.3)
Oyem 45(57.7) 33(42.3) 78(24.6) 33(42.3) 25(32.1) 20(25.6)
Total 169(53.3) 148(46.7) 317(100) 87(27.5) 118(37.2) 112(35.3)
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adults and the second most common cause of viral diarrhea in
children less than 5 years old. Over the past 15 years, the most
common norovirus genotype, GII.4, has caused several outbreaks,
often foodborne or waterborne.8,9 Between 6% and 48% of patients
hospitalized with viral gastroenteritis in several African, South
American and European countries are reported to be infected by
noroviruses.10–14 Human astrovirus infection has been reported in
2% to 16% of children hospitalized for diarrhea, and in 5% to 17% of
children with diarrhea in community studies.15
Rotaviruses cause 20% to 50% of cases of severe acute
gastroenteritis in young children worldwide.16 In 2008, ﬁve
countries accounted for more than half of the estimated 450
000 deaths from rotavirus diarrhea, including three African
countries: The Democratic Republic of Congo, Ethiopia and
Nigeria.5 In Cameroon, rotaviruses have been detected in 28.5%
to 42% of diarrheal specimens; infection occurs throughout the
year and is most common in children under ﬁve years of age.17,18 In
the Democratic Republic of Congo, group A rotaviruses were
detected in 76% of stool specimens analyzed during outbreaks of
acute gastroenteritis among children <5 years of age living in
Kinshasa.19 Few data are available on the circulation of enteric
viruses in Gabon, or their association with acute gastroenteritis.
We therefore determined the prevalence of enteric viruses causing
gastroenteritis, and the circulating stains, in Gabonese children
from March 2010 to June 2011.
2. Methods
2.1. Study area
The study was conducted in Gabon, a typical rain forest country
of Central Africa, with 1 517 685 inhabitants and an area of 270
000 square kilometers. Four towns were included in a gastroen-
teritis surveillance network: the capital Libreville, Franceville
(south east), Oyem (north) and Koulamoutou (south). The study
took place in three healthcare centers in Libreville and in the
regional hospitals of the other three towns.
2.2. Specimen collection
Stool samples were collected from children under 5 years old
who presented with diarrhea to the participating health centers.
Epidemiological data, including the patient’s name, age, sex and
clinical data such as fever, abdominal pain, nausea, vomiting,
bloating and dehydration were collected. Stool specimens were
stored at 4 8C until being sent to CIRMF for analysis.
2.3. Nucleic acid extraction and real-time PCR
Fecal samples were suspended in phosphate buffered saline and
centrifuged at 3000 rpm for 5 min. Supernatants were either
stored at –80 8C or used immediately for nucleic acid extraction
with the EZ1 Advanced Instruments device (Qiagen) and the EZ11
Virus Mini Kit v2.0 (Qiagen). Viruses were detected with a
multiplex real-time one-step RT-PCR kit (Invitrogen). Primers and
probes speciﬁc for the following six enteric viruses were used:
adenovirus (AdV),20 human astrovirus (HAstVs),21 norovirus I
(NoVs GI), norovirus II (NoVs GII),22 sapovirus (SaVs),21 and group
A rotavirus (RVA).23 Thermal cycling was done in a 7500 Real Time
PCR System (Applied Biosystems).
2.4. Rotavirus A, adenovirus and astrovirus genotyping
For RVA genotyping, the VP7 and VP4 genes were ampliﬁed
with a conventional RT-PCR method and sequenced. A fragment ofthe VP7 gene was ampliﬁed using primers in positions 42-72 and
928-907 of Wa-strain VP7 (accession number M21843). An
additional second-round primer was used for heminested PCR
(529-553 of Wa-strain VP7, M21843). A fragment of the VP4 gene
was ampliﬁed with primers in positions 204-224 and 783-809
(accession number L34161), respectively, in the ﬁrst round.
Second-round heminested PCR was performed with primer in
positions 703-680, Wa-strainVP4. For the two rotavirus genes, the
ﬁrst round of conventional RT-PCR used the SuperScript III/
PlatinumTaq kit. The second round used the Platinum Taq DNA
polymerase kit (Invitrogen).
The adenovirus hexon gene was ampliﬁed with an outer primer
pair yielding a 301 bp product. An additional primer was used for
heminested PCR.24 The nested PCR product was sequenced.
For astrovirus strain characterization, a nucleotide fragment
(422 bp) of the astrovirus ORF1b gene coding for RNA-dependent
RNA polymerase was ampliﬁed with primers used in a study of
astroviruses in bats.25 The nested PCR product was sequenced.
2.5. Phylogenetic analysis
Sequences obtained were compared to GenBank reference
strains using the Basic Local Alignment Search Tool (BLASTn)
analysis. Phylogenetic relationships were determined with MEGA
4.0 software. Multiple sequence alignments were created using
ClustalX (version 1.81). Trees were constructed using both the
maximum likelihood method and Mr Bayes software (version 3.
1.2).
2.6. Statistical analysis
Data were analyzed with the Person’s chi-square and Fisher
exact tests. The level of conﬁdence was 95% for all conﬁdence
intervals (CI). We used a two-tailed critical alpha value of 0.05. A p
value below 0.05 was considered statistically signiﬁcant. Statview
V 5.0 software was used.
3. Results
3.1. Study population
A total of 317 stool specimens were collected from children
under ﬁve years old presenting with symptoms of gastroenteritis
from March 2010 to June 2011. The male/female (M/F) sex ratio
was 1.14 with 169 males and 148 females enrolled in the study
(Table 1). Median age was 0.9 years and mean age was
1.1  0.9 years. One hundred ﬁfty patients (47.3%) were from
Libreville, 56 (17.7%) from Franceville, 33 (10.4%) from Koulamoutou,
and 78 (24.6%) from Oyem. Eighty-seven children (27.5%) were 
6 months old, 118 (37.2%) were 6-12 months and 112 (35.3%) were 1-
5 years old. Diarrhoeal disease was predominant in the 0-6 month age
group in Oyem, in the 6-12 month age group in Koulamoutou and in
the 1-5 year age group in Franceville and Libreville (Table 1).
Table 2
Prevalence of viral infections.
Characteristic Infected
n/N (%) 95% CI
Sex
Male 103/169(60.9) 53.5-68.2
Female 90/148(60.8) 52.9-68.7
Age group (years)
[0-0.5] 54/87(62.1) 51.9-72.3
]0.5-1] 79/118(66.9) 58.4-75.4
]1-5[ 60/112(53.6) 44.4-62.8
Towns
Libreville 103/150(68.7) 61.3-76.1
Franceville 40/56(71.4) 59.6-83.2
Koulamoutou 21/33(63.6) 47.2-80.0
Oyem 29/78(37.2) 26.5-47.9
Total 193/317(60.9) 55.5-66.3
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Among the 317 children with diarrhea, 193 (60.9%) were
positive for at least one enteric virus (Table 2). There was no
signiﬁcant difference in detection of enteric viruses between male
and female populations (X2 = 0.0, p >0.9999) or across the three
age groups (X2 = 4.4, p = 0.1114) (Table 2). The enteric virus
prevalence was, however, signiﬁcantly lower in the northern
Gabon compared to the other region surveyed (X2 = 24.9, p
<0.0001).
3.3. Virus identiﬁcation
RVA was detected in 86 specimens (27.1%), NoVs in 73 (23%),
AdV in 62 (19.6%), SaV in 30 (9.5%), and HAstV in 20 (6.3%). NoV-I
and NoV-II were found in 29 (9.1%) and 44 (13.9%) samples,
respectively. Analysis of individual enteric virus prevalence across
age groups showed only a signiﬁcant difference in the prevalence
of SaV, being particularly frequent in children between ages six
months and one year (p = 0.0251).
A similar analysis of individual enteric virus prevalence across
regions revealed the prevalence of RVA was higher in the capital
and southern towns than in Oyem (p <0.001). In fact, Oyem
displayed a different enteric virus distribution with AdV and HAstV
more commonly detected than rotavirus and NoV-II.
Among the 193 enteric virus-positive samples, 65 (33.7%)
contained more than one virus with 52 (26.9%) dual infections and
13 (6.7%) triple infections (Table 3). Similarly to rotavirus
prevalence, Oyem had the lowest ratio of co-infections across
the towns (0.1; X2 = 8.3, p = 0.0398). All of the enteric viruses
detected in this study were signiﬁcantly associated with co-
infections, albeit weakly in HAstV (Table 3). The most commonly
detected viruses in co-infections were RVA (61.5%) and AdV
(49.2%) (Table 3).Table 3
Prevalence of viral coinfections.
Viral
infection
Mono-infections
(N = 128)
n(%)
Co-infections
(N = 65)
n(%)
p-value Total
(N = 193)
n(%)
95% CI
AdV 30(23.4) 32(49.2) 0.0005 62(32.1) 25.5-38.7
HAstV 9(7.0) 11(16.9) 0.0598 20(10.4) 6.1-14.7
NoV-I 8(6.3) 21(32.3) <0.0001 29(15.0) 10.0-20.0
NoV-II 22(17.2) 22(33.8) 0.0152 44(22.8) 16.9-28.7
SaV 13(10.2) 17(26.2) 0.0071 30(15.5) 10.4-20.6
RVA 46(35.9) 40(61.5) 0.0012 86(44.6) 37.6-51.63.4. Monthly detection of enteric viruses
In Gabon, the year begins with a short dry season lasting
between January and February, then a long rainy season between
March and May, followed by a long dry season between June and
September, and ﬁnally a short rainy season between October and
December. Sixty per cent of positive samples were collected during
the rainy seasons (X2 = 4.1, p = 0.0422) (Figure 1). The prevalence of
rotavirus A peaked during two periods, from September 2010 to
October 2010 and from February 2011 to April 2011, at 70% and
65% respectively (X2 = 7.3, p = 0.0068) (Figure 2). Thus, rotavirus
had biannual peaks during the dry seasons. Astrovirus peaked
slightly before the rotavirus season. Adenovirus seemed to peak
during the rainy seasons, whereas there was no clear seasonality
for norovirus and sapovirus. (Figure 2).
3.5. Rotavirus genotyping
The VP7 (353 bp) and VP4 (413 bp) gene fragments of rotavirus-
positive samples were ampliﬁed and sequenced. The G type was
determined in 51 (59.3%) and the P type in 42 (48.8%) samples.
The predominant strain was G6 (32/51, 62.7%), followed by G1
(6/51, 11.8%), G12 (6/51, 11.8%), G2 (4/51, 7.8%) and G3 (3/51,
5.9%). Strains G1, G12, G3 and G6 were detected in Libreville, G2,
G3 G6 and G12 in Franceville, G6 in Oyem, and G2 and G6 in
Koulamoutou. The genotype G6 strain clustered with the strains
RVA/Belgium/B1711/G6P[6] (EF554087) and RVA/France/R353/
G6P[6] (DQ122400) (Figure 3). The G3, G2, G12 and G1 rotavirus
strains showed strong homology to reference strains Belgium G3/
strain F01322 (JF460828), Sierra Leone G2/SL276 (HM136962),
India G12/ISO127 (EU016455), and Ireland G1/R300 (EU033973),
respectively (Figure 3).
The most frequently detected P genotype was P[6] (30/42,
71.4%), followed by P[8] (10/42, 23.8%), and P[4] (2/42, 4.8%). The P
genotypes detected in Libreville were P[6] and P[8], while those
detected in the south (Koulamoutou and Franceville) were P[6] and
P[4]. In Oyem, only genotype P[6] was detected. The VP4 gene
sequences clustered in three distinct lineages (Figure 4). One
contained strains with strong homology with P[6] strains from
Burkina-Faso (BFA/48-BF/JX154468 and BFA/272-BF/JN116517).
One lineage consisted of a cluster with P[4] genotype which
showed strong homology with a P[4] strain from Burkina-Faso
(JX154455). Another lineage with a common ancestor clusteredFigure 1. Temporal distribution of diarrhea: short rainy season (short green line),
long rainy season (large green line), short dry season (short yellow line), and long
dry season (large yellow line).
Figure 2. Seasonal distribution of diarrheal viruses.
Figure 3. Phylogenetic tree for nucleotide sequences of the rotavirus A VP7 gene.
Published sequences from the GenBank database of 9VP7rota, 11VP7rota,
83VP7rota, 104VP7rota 108VP7rota, 112VP7rota, 116VP7rota, 118VP7rota,
126VP7rota, 127VP7rota, 131VP7rota, 133VP7rota, 134VP7rota, 136VP7rota
137VP7rota, 138VP7rota, 140VP7rota, 141VP7rota, 143VP7rota, 146VP7rota,
147VP7rota, 168VP7rota, 172VP7rota, 174VP7rota, 205VP7rota, 214VP7rota,
232VP7rota, 252VP7rota, 254VP7rota, 256VP7rota, 257VP7rota, 262VP7rota,
265VP7rota, 266VP7rota were KJ425180-KJ425213, respectively.
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Faso (JX154456, JX154460) (Figure 4).
Both genotype G and P were assigned to 34 (39.5%) of the
86 rotavirus-positive samples. Twenty-four (70.6%) of these strains
were G6P[6] and showed strong homology with Belgium strain
G6P[6]/B1711, while 5 (14.7%) were G1P[8], 2 (5.9%) were G2P[4],
2 (5.9%) were G12P[8] and 1 (2.9%) was G3P[6].
3.6. Adenovirus genotypes
Among the 62 adenovirus-positive specimens, the serotype was
successfully determined in 45 (72.6%) cases by sequencing a
238 bp fragment. The prototype strains segregated into eleven
clusters which corresponded to HAdV species F, C, D, A and B.26 The
most common adenovirus serotype (11/45) clustered with HAdV-
41 strains from Brazil (JN654711, JN654706), India (HQ005286),
and Japan (AB610521) (Figure 5 supplementary data). We
identiﬁed 2 HAdV-40, 9 HAdV-1, 5 HAdV-6, 2 HAdV-5, 7 HAdV-
2, 2 HAdV-12, 1 HAdV-31, 3 HAdV-7, 2 HAdV-16 and one strainshowing strong homology with an HAdV-51 from the Netherlands
(JN226765) (Figure 5 supplementary data).
3.7. Astrovirus genotypes
We determined the sequences of a 364 bp fragment of
9 astrovirus-positive specimens (9/20; 45%). Three sequences
clustered with HAstV-1 from India/Pune 063681 (JF327666) and
Thailand/NE-3091 (GQ441159), one with HAstV-4 from Guangz-
hou/China (DQ344027), one with HAstV-1 from Nigeria
(GQ441171) and four with HAstV-1 from India/isolate V1182
(AB325804) (Figure 6 supplementary data).
4. Discussion
We detected a high prevalence of enteric viruses in Gabonese
children with 60.9% of stool samples positive for at least one
enteric virus. Prevalence rates of 35% to 40% have been reported in
Europe, 43.6% in India and 53.7% in Cameroon.10,27,28 Therefore,
hygiene measures and access to safe water recommended to ﬁght
against bacterial diarrhea would not be sufﬁcient. Other measures
such as vaccination would be more appropriate. The limited
sample size (317) did not represent the real epidemiological data of
viral diarrheal disease in the country. The number of clinical cases
of gastroenteritis may have been underinvestigated. However it
was interesting to evaluate the circulation of enteric viruses and
determine the genotype of rotavirus A in the sample collected. The
most common viruses identiﬁed here were RVA (27.1%) and NoVs
(23%), the two main cause of viral diarrhea worldwide.5,12 Children
Figure 4. Phylogenetic tree for nucleotide sequences of the rotavirus A VP4 gene.
Published sequences from the GenBank database of 9VP4rota, 83VP4rota,
100VP4rota, 102VP4rota, 108VP4rota, 111VP4rota, 113VP4rota, 137VP4rota,
138VP4rota, 172VP4rota, 210VP4rota, 214VP4rota, 215VP4rota, 265VP4rota,
310VP4rota, 252VP4rota, 254VP4rota, 256VP4rota were KJ425162-KJ425179,
respectively.
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rotaviruses, which are the leading cause of severe gastroenteritis
requiring hospitalization among children of this age. Rotaviruses
are responsible for many deaths worldwide, especially among
young children in Asia and Africa.29
In several studies, rotavirus was mostly detected in severe
diarrheal cases and hospitalized young children. In these previous
studies, the authors analyzed a relation between severity and
molecular detection.30 However, we didn’t prove a clear correla-
tion between clinical disease severity and individual viruses
detected in our study.
Rotavirus peaked during the two dry seasons in February and
September. Our result corroborated data from other African
countries such as Ghana.31 There was no clear seasonality for
norovirus and sapovirus in our study, while norovirus peaked at
the beginning of the rainy season in Cameroon.32 The low
number of samples could bias the monitoring of seasonality
except for the predominant rotavirus. Speciﬁcally, we had a
recruitment bias during the months of December 2010 and
January 2011 probably related to the change of medical staff at
this period of the year.
The most frequent rotavirus genotype was G6P[6], and showed
strong homology with Belgium G6P[6] strain B1711, which was
isolated from a child who had just returned from holiday in Mali in
2002 and was the ﬁrst human G6P[6] rotavirus strain to be
described in 2003.33,34 This strain G6P[6] was a recombinant of
human DS-1-like rotavirus strain with bovine rotavirus strain.33
The G6 genotype more commonly associated with bovines
seemed adapted to humans and spread recently across different
African regions such as West Africa and Central Africa. Studies in
Burkina-Faso showed a high prevalence of genotype G6P[6]
among children presenting with diarrhea, and it was the second
most common genotype.35 A study conducted in Democratic
Republic of Congo in 2012 reported the circulation of G6P[6]
strain.36 The emerging strains G6P[6] and G12 suggested a recent
introduction in Central Africa and Gabon. A study conducted
during the same time period (2010-2011) in Cameroon reportedthe emergence of G6P[6] and suggested that the circulation of
these strains was not detected due to low surveillance activity in
many African countries.37 Genotypes G and P found were similar
to those described in this study in Cameroon and clustered with
our strains37 (Figures 3 and 4). The emerging genotype G6P[6] has
not been reported as a predominant genotype. This predominance
in our study could be due to low sampling. However, this
information is important in order to understand virus evolution,
potential risk of rotavirus epidemic, the efﬁcacy of vaccines
against rotavirus and future vaccine developments. The emer-
gence of this strain is not due to selective pressure related to
vaccination against rotavirus with Rotarix or RotaTeq recom-
mended by WHO because vaccination was not introduced in
Gabon during this study. The circulation of an unusual strain
would suggest that the efﬁcacy of vaccines against rotavirus
whose target is the predominant strain G1P[8] would be
insufﬁcient. A partial protection against rotavirus could be the
cause of epidemics in the central African region. A Study
conducted in South Africa and Malawi in infants suggested that
the monovalent rotavirus vaccine Rotarix will provide protection
against the circulating rotavirus types that shared either the G or
the P type with the vaccine strain. This study showed a vaccine
efﬁcacy against non-G1 (59.7%), G12 (51.5%), P[4] (70.4%), P[6]
(55%), P[8] (59.1%) and suggested that rotavirus vaccine may not
provide sufﬁcient cross protection against non-vaccine strains
such as G6P[6].38We found 33.7% of co-infections mostly involved
rotavirus. Several factors may explain mixed infections including
that prolonged excretion of viruses often occurred after rotavirus
or norovirus infection.30,39 Furthermore, children are exposed to
multiple pathogens in a day care center and may be infected by
viral particles and develop symptoms after infection.30,40
The emerging strain genotype G9 has been detected in South
Africa, Cameroon, Nigeria and Ghana but was not found in our
study.41 Perhaps we would have found it if the study had included
more samples.
The most common adenovirus serotype was HAdV—41. 38% of
the adenovirus F was found in co-infections, 46% for adenovirus
non F. Among the adenoviruses in co-infection, there was no
signiﬁcant difference between adenovirus F and non F. All
Adenoviruses were not the causative agent for gastroenteritis.
Publications reported HadV-40 and HadV-41 as the main agents of
viral diarrheal disorders.42–44 Our results corroborate the results of
these publications. We found several serotypes of adenoviruses
which are present in stool but were not associated with
gastroenteritis. Adenoviruses, especially type C, persist in lym-
phocytes and are excreted in high rates in stools. Genotyping of
HadV and HastV showed homology with strains from Asia and
Brazil. The homology (99%) between the Gabonese strains and
strains from other countries suggests that this strain was recently
imported into Gabon.
This study of viruses associated with acute gastroenteritis in
Gabonese young children shows a pattern similar to that reported
on other continents. However the emergence of G6P[6] strain
corroborated the results reported in Central Africa. Our ﬁndings
should prove useful for patient management, especially regarding
antibiotic usage and vaccination.
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